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SPECIFICATION 



SEMICONDUCTOR DEVICE AND 
SUBSTRATE FOR MOUNTING THE SAME 

T» ^i i cal — Field 

The present invention relates to a semiconductor 
device, and more specifically to a semiconductor 
device having a light emitting capability and/or a 
light receiving capability. Further, the present 
invention relates to a circuit substrate for 
supporting such a semiconductor device as the above. 
Still further, the present invention relates to a 
combination of the semiconductor device and a storage 
receptacle for collectively holding a plurality of 
the semiconductor devices. 



^r^grnund — A_rJL 

Fig. 20 and Fig. 21 show a prior art semiconductor 
device. This semiconductor device X is a light 
emitting diode (LED) , and includes a first lead 100, 
a second lead 2 0 0, a semiconductor chip J 00 as a li u ht 
emitting element, a connecting wire W. and a 
protective package 400. 

The semiconductor chip 3 0 0 is placed at an inner 
end 100a of the first lead 100. The semiconductor 
chip 3 0 0 has an upper surface 3 3 0 electrically 
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connected with an inner end 200a of the second lead 
2 0 0 via a wire W. The protective package 4 0 0 is made 
of a transparent resin such as an epoxy resin, and 
completely covers the semiconductor chip 300 and the 
5 connecting wire W . Further, the protective package 
400 partially covers the first and the second leads 
1 0 0, 2 0 0. In Figs. 20 and 21, the inner portion of 
the first lead 100 covered by the protective package 
400 is indicated by numeral code 110 whereas the outer 

10 portion of the first lead 100 extending out of the 
protective package 400 is indicated by numeral code 
111. Like the first lead 100, the second lead 200 
also has an inner portion 2 2 0 covered by the 
protective package 400 and an outer portion 221 

15 extending out of the protective package 400. 

As shown in Fig. 21, the inner portion 110 of the 
first lead 100 extends straightly whereas the outer 
portion 111 is bent. The outer portion 111 of the 
first lead 100 has a free end 111a flush with a bottom 

20 surface of the protective package 400. The second 
lead also has the same constitution as the first lead, 
and thus has a free end 2 2 1 a flush with the bottom 
surface of the protective package 400. 

The circuit substrate 5 is provided with pads 52a, 

25 52b for establishing electrical connection with the 
semiconductor device X. The semiconductor device X 
is mounted on the circuit substrate 5, with the free 



ends 111a, 221a connected with the pads 52a 52b 
respectively . 

The prior art semiconductor device X is 
inconvenient in the following points: Specifically, 
5 the semiconductor device X is mounted on the circuit 
substrate 5 via the leads 1 0 0, 2 0 0 which are bent as 
described above. In such a case, as shown in Fig. 
21, the entire protective package 4 0 0 of the 
semiconductor device X comes above the circuit 
10 substrate 5. This leads to a problem that a dimension 
Dh between a top Ap of the semiconductor device X and 
an upper surface of the circuit substrate 5 becomes 
large . 

1 5 DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention 
to provide a semiconductor device capable of solving 
or at least reduce the problem described above. 

Another object of the present invention is to 
20 provide a circuit substrate for mounting such a 
semiconductor device as the above. 

Still another object of the present invention is 
to provide a combination of a plurality of the 
semiconductor devices and a storage receptacle for 
25 collectively holding these semiconductor devices. 

According to a first aspect of the present 
invention, there is provided a semiconductor device 
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comprising: a semiconductor chip; a proteose 
packa ,e covering the semiconductor chip; a first lead 
conducting to the semiconductor chip, including an 
inner portion covered by the protective package and 
5 at least one outer portion extending out of the 
protective package; a second iead conducting to the 
semiconductor chip. including an inner portion 
covered by the protective package and at least one 
outer portion extending out of the protective 

r, f i-he> outer portions of the 
10 package; wherein each of the oute y 

first lead and the second lead is flat. 

Preferably, the outer portion of the first lead 
and the outer portion of the second lead extend in 
a same plane. 

15 Further, the inner portion and the outer portion 

of the first lead, and the inner portion and the outer 
portion of the second lead may extend in a same plane. 

According to a preferred embodiment of the 
present invention, each of the first lead and the 
20 second lead has a plurality of outer portions 
extending out of the protective package, and the 
outer portions extend in a same plane. 

Preferably, the protective package includes at 
least a pair of opposed side surfaces, and each of 

i- ^ ■; t- = t- ci anted portion and a 

25 the side surfaces has a first slanteu y 

second slanted portion. 
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is a 



20 



25 



The first slanted portion and the second slanted 

predetermined angle. 

-i « ■ c - liaht emitting 

The semiconductor chip is a lign 

i= Also the semiconductor chip 
element for example. Also, 

Ught receiving element for example. 
According to another preferred embodiment of the 
present invention, the semiconductor device further 
comprises an additional semiconductor chip, a thl rd 
le ad conducting to the additional semiconductor 
chip, and a fourth lead conducting to the additional 
semiconductor chip. The third lead includes an inner 
portion covered by the protective package and a flat 
outer portion extending out of the protective 
package, and the fourth lead includes an inner 
portion covered by the protective package and a flat 

^,it- nf the protective 
outer portion extending out of 

package . 

According to a second aspect of the present 
invention, there is provided a circuit substrate for 

^ ^owirp including a 
mounting a semiconductor device 

protective package and flat leads 

the protective package. The substrate comprises: a 
m ain surface formed with a predetermined wiring 
pattern; a plurality of connecting pads formed rn the 
main surface for conduction to the leads of the 
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and a through hole 
semiconductor device; nackag e 

u „ e of the protective package, 
corresponding to a shape of the p 

correct; disposed 

the connecting pads are 
preferably, T-ne 



around the through hole. 

■ r, surface mounted with the 
Preferably, the mam surfac 



• ^ wi t- h a c o a t i n g 
, pvlce is laminated witn 
semiconductor device 

member . 

v.- * ^tject of the present 

. _ _ t-h ird aspect ^ 
According to a tnir 

of a plurality ot 
„rir>n a combination of a P 
invention , 

a r,rJ a storage receptacle for 
10 semiconductor devices and a 

0 is provided: each of these 
storing the same is pro 

SM i = o^c MI devices inches an upper 

a „ ay £r o m th e upper sur.ace, — = t*. 
|5 receptacl e inches a carrier 

— 

. ,^f*re attached to the 

adhesive surface a. u u a. 
tape having an adnesiv 

, the semiconductor device is 
carrier member, and the 

•i-* the bottom surface facing 

housed in the recess with the bot 

20 upward. 

^ a preferred embodiment of the 
According to a prei 

the upper surface ot un« 
present invention, the upp 

, ■ formed with a light- 

semiconductor device is 

condensing portion. 

each of the recesses includes a 
25 preferably, eacn 

larg er space and a seller space. 
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Preferably, the recesses are formed 

longitudinally of the carrier member at a 
predetermined interval . 

Other objects, characteristics, and advantages 
5 of the present invention will become clearer from the 

following description of embodiments to be presented 

with reference to the accompanying drawings. 

BRIEF DESCRIPTI O N QF TH E DRAWINGS 
10 Fig. 1 is a perspective view of a semiconductor 

device as a first embodiment of the present 
invention . 

Fig. 2 is a sectional view taken in lines I-I in 
Fig. 1 . 

15 Fig. 3 is a perspective view of a semiconductor 

device as a second embodiment of the present 
invention . 

Fig. 4 is a sectional view taken in lines II-II 
in Fig. 3 . 

20 Fig. 5 is a plan view of the semiconductor device 

in Fig. 3 . 

Fig. 5 is a plan view of a lead frame used for 
manufacture of the semiconductor device according to 
the present invention. 
25 Fig. 7 is a diagram for describing a wire-bonding 

step. 
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Fig. 8 is a sectional view showing a packaging 
step. 

Fig. 9 is a diagram for describing a step in which 
the semiconductor device according to the present 
5 invention is mounted on a circuit substrate. 

Fig. 10 a sectional view showing a use of the 
semiconductor device according to the present 
invention . 

Fig. 11 a perspective view of a semiconductor 
10 device as a third embodiment of the present 
in ven t i o n . 

Fig. 12 a plan view of the semiconductor device 
in Fig. 11. 

Fig. 13 is a diagram showing constituent elements 
15 of the semiconductor device. 

Figs. 14-17 are diagrams for describing 
manufacturing steps of the semiconductor 
device in Fig. 11. 

Fig. 18 is a sectional view of a storage 
20 receptacle for collectively holding a plurality of 
the semiconductor devices. 

Fig. 19 is a diagram showing a state in which the 
semiconductor device is being taken out of the 
storage receptacle in Fig. 18. 
25 Fig. 20 is a perspective view of a prior art 

semiconductor device. 
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Fig 

III in Fig- 20 • 



t-^w^n in lines III 
21 is a sectional view taken in 
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^^^^^^^^ 

„„. P — — <" PreS " h 

■n hP described with reference to the 
invention will be descri 

accompanying drawings, Fig. 1~19- 

First . ^.-ton,,-^. T h .» 

£igur es s h ow a -ice accordin, to a 

- of the present invention. This 

first embodiment of tne y 

device A according to the present 
semiconductor device a 

* liaht emitting capability as will 
embodiment has a light 

t-he present invention 
• -u a iat-pr However, tne pj-*= 
be described later . n 

is not li-it.d to thi. e, b odi.en t , and can 

app iica b ie to ot h er semiconductor devices. 

■ « a first lead 1, a second lead 2 
device A comprises a first 

, f . rst le ad 1, and a semiconductor chip 
spaced from the first lead 

a light emitting capability. 
3 having a lignu 

semiconductor c h ip 3 is supported on an end iOa o 
th . f irst lead !. and nas an upper 30 
el ectrica lly connected „lth an end 20a ot U,e .econ. 

lead 2 via a wire W. 

Tne semiconductor device A furtner comprrses 
5 protect ivepac*a g e 4 made o £ a transparent resrn. - 

proteCl ,= , — — " W,P ° rUO 
whlch is 9 enera llY rectan.uiar P a r a i i e i e p i P e d , and 
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a light condensing portion 44 formed on an upper 
surface of the main body portion. The light 

condensing portion 44 is provided so as to prevent 
diffusion of light emitted by the semiconductor chip 
5 3 . 

The protective package 4 entirely covers the 
semiconductor chip 3 and the wire W, and partially 
covers the first lead 1 and the second lead 2. With 
this constitution, the first lead 1 includes an inner 

10 portion 10 covered by the protective package 4 and 
an outer portion 11 extending out of a first side 
surface 42 of the protective package 4. Likewise, 
the second lead 2 also includes an inner portion 20 
covered by the protective package 4 and an outer 

15 portion 21 extending out of the second side surface 
43 of the protective package 4. 

As shown in Figs. 1 and 2, the first lead 1 and 
the second lead 2 are flat as a whole. Therefore, 
the outer portions 11, 21 of the first lead 1 and the 

20 second lead 2 are also flat. As clearly shown in Fig. 
2, in a vertical relationship (i.e. directions 
indicated by reference code Vd) , the first lead 1 and 
the second lead 2 are located at a center of the main 
body portion 40 of the protective package 4 . Further, 

25 the first lead 1 and the second lead 2 extend in 
parallel to a bottom surface 41 of the protective 
package 4. Therefore, the outer portion 11 of the 
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first lead 1 is vertical to the first side surface 
42 of the protective package 4 whereas the outer 
portion 21 of the second lead 2 is vertical to the 
second side surface 43 of the protective package 4. 
5 The semiconductor device A with the constitution 

described above is mounted on the circuit substrate 
5 as shown in Fig. 2. Specifically, the circuit 
substrate 5 has a main surface 51 (a lower surface 
in Fig. 2) provided with connecting pads 52 at 

10 locations corresponding to the outer portion of the 
first lead 1 and the outer portion 21 of the second 
lead 2. Though not illustrated, the main surface 51 
is formed with a predetermined wiring pattern 
connecting with these connecting pads 52. Further, 

15 the circuit substrate 5 is provided with a through 
hole 50 between the connecting pads 52 for fitting 
the semiconductor device A. 

The semiconductor device A is fitted into the 
through hole 50, with the light condensing portion 

20 44 facing away from the main surface 51 of the circuit 
substrate 5. The outer portion 11 and 21 of the first 
lead 1 and the second lead 2 are connected to 
respective connecting pads 52 via solder 53. 
According to the mounting method described as above, 

25 the distance Dh between the top of the light 
condensing portion 44 and a second surface 51a of the 
substrate 5 can be made smaller than in the prior art. 

1 1 




Reference is now made to Figs. 3-5. These figures 
show a semiconductor device B according to a second 
embodiment of the present invention. It should be 
noted here that components substantially the same as 
5 in the first embodiment are indicated by the same 
reference codes in Figs. 3-5. 

As shown in Fig. 3, the semiconductor device B has 
a first lead 1' to which the semiconductor chip 3 is 
bonded, and the second lead 2' . The semiconductor 

10 chip 3 is connected to the second lead 2' via a wire 
W. The semiconductor device B further has a 

protective package 4' for protecting the 
semiconductor chip 3 and the wire W. The protective 
package 4' has an opposed pair of side surfaces 42' 

15 and 43' (hereinafter called the first side surface 
42' and the second side surface 43')/ out of which 
the first lead 1' and the second lead 2' extend 
respectively. The protective package 41 has another 
opposed pair of side surfaces 45' and 46' . The 

20 protective package 4' further has a light condensing 
portion 44' for appropriately condensing light 
emitted by the semiconductor chip 3. 

As shown in Fig. 4, each of the first side surface 
42' and the second side surface 43' of the protective 

25 package 4' includes two slanted surfaces. 
Specifically, the first side surface 42' includes an 
upper slanted surface slanted at an angle of a with 
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W . . linei and a lower slanted 

rhe vertical l^ne, 
respect to ^ ^ ^ same vertlC al 

= Slanted ^rnl^l and o t »« 

Un- ' include an upP er Wanted 

SUr£SCeS ' slan ted respectively. 

^ pi lower slani^ 
5 surface and a , x 0 de g r e e s f o r examp 1 e . 

The angles ^ 

from each other. includes an 

5 the first lead i 
As shown in Fig- - t , e p r o t e c t i v e P a c K a g e 

■ „ i n ' covered by the pr 
10 inner portion 1 , , - an d a s e c o n d ou t e r 

„ first outer portion 11 an 
4 - and a first protective 

each extending out 
portion 12 two out er 

4 , The inner portion 10 
paCka9e d in a Plane parallel to a 

11' 12 ' extend m a f 
P °" i0nS ' £ che protective package 4'. 

1S bottom surface 41 ° suppo rtin g pad 10-. 

t.efi-t-adl ^ ^ 

. ^.v, a semiconductor 
co be m eunted w.tn ^ ^ £irst 

supporting pads connected to 

ri the second lead 2 , bei 
lead l ' ^ 10 . of the first lead 1' via a 

20 the inner portion 10 



portion 10'b. 
— r inner P 

J3 1 



nrtion 20' 



1 UUC ^ 



) CL ^ 



4 



nd a 



firs 



t e r 



po 



r t i 



o n 



2 2 



nner 



pa 



age 



4 ' . 



rtion 



L0 ' 



an 



^ the 
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aralle l to the bottom surface 
extend in the plane parallel 

41 . of the protective package 4' . 

, pvice B with the constitution 
Th e semiconductor device a 

is fitted into a through hole 50 
described above is fitte 

v^ot-r-^re 5 as is the 
a in the circuit substrate 
formedmtnt: c . 

semi cond U ctor ..vie » -o r au 3 co tne .r 

<= • ~h to the circuit substrate 
*- and then fixed to tue 
embodiment, ana tnen 

5 via solder 53 . 

•v. a PaC h of the side surfaces 
As has been described, each 

. , , 44 , 45' of the semiconductor device B 
42', 4 3', 44 ' * ^ 

sla nted surface ana tne iower sianted — e .See 

* r-^ the semiconductor device B can 

Fiq 4 ) Therefore, the sem 

b e ea Sil V inserted into t„. - » ^ 

, 5 circuit By justing theangie «. the 

/ ' and the size of 
size of the protective package 4 , and t 

v, We 50 it becomes possible to make easy 
the through hole 5 o , i t w 

,-. v => o- <=> 4' into the 
the insertion o£ the protective parage 

-. • -ui.r fit the protective 
, n c;n and to reliably tit cne ^ 
through hole 50 , ana 

v a> into the through hole 50. 

20 package 4 muu 

. Fia 3 the side surface 46' of the 
As shown 1 n Fig- ' 

.rkaae 4' is formed with a cutout 46'a. 
protective package 41 

t 46'a is an indication of the polarity of 

The cutout 46 a is 

sem iconductor device B. Pore^pie. oneo £ c h et„o 
, 5 lei ,r, 2— i- — er to * cutout 4S- 

d lead 2' according to Fig. 31 may be 

the second lead * 

^^n.rP With such an 

a be negative, 

predetermined to oe 
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r as the above, tn „ ho le 

. „ ly inserted to the thrcug 

Bcan be .P."'"'" 5 . 

so ... — ,o ; OI a .,i..». - the 

xn the S *-^ lM twUt5tl e.ar and the 

* embodiment, each o The refore, 
second emo ^ llte r portions . 

has two outer v 

te 5 needs a total 
the circuit substrat 

necti n g Pa^ 52. However, ^ 
connectmy portion H 

, if the outer t> ect ing 
£ ror» FH. 5, t0 the corresponding conn 

, „,. is conductive to , 2 . do e s no t n e ed 

lead l x ^ ^ Art -ion 1 ^ 



eaa i ^ oortion J- z 



>ort ion 12' only ^ 
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20 



,.,-tive to its c 
to be conduct! 

same .PPU.. » ^ tta = hing the - — 

second Xead ,' " " t , tb . «... 

portions B ca n be counted stablY 

semiconductor device 

circuit substrate 5. ^ manu f a c t ur ing ^ne 

th e above constitution 

6-8 . 



Next, a 

, , ice B having 
semiconductor devrc „ to F i g s. 

wnl be described with ^ ^ £ra „ e u3 ed 

-' ^ ^ 7 h^ semiconductor device 

- — e65h °" al pla te,ade cupper, iron 

by punching out a *etai 
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;1 udes a paxr of s.de 
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a „d so on. T,e lead 1 1 ^ l t q g a ch Q t he t . Further, 

bars 60 extending m P»a ^ ^ pai „ 

61 interconnecting the » " al , ong i t u d i na 1 ly 

o£ the side bars 60. 

includes a first cross b ^ ^ 

vertically " ltn 
61b extendi £ t h e s i de ba r 6 1 . Thefrrst 

iongitudinaldirect.cn o ^ , 

s b ar 61a has a center por 

c rOSS Dd-J- 

. , s bonaed to each of the 

semiconductor^ t „ devi ceBis 

bonding pads 10 • ^ fitting device. the 

constituted as » ^ , d by . li flht ^«in 9 

^conductor cb.P 3 g ^ , c onduc t or deviceBis 

ai ode for example. receiving device, the 

— "uted " . a 3 ;rproviaedb Y apbototransistor 
semi conductorchrp3 conductor cbips 

£or example. Of course. 

may be used. surface 30 of 

Next, as ^ ^ ron d r.ross bar o 
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the semi 



c o 



ndu< 



: t or 



chip 



3 a 



are 



connecte 



dby a wire 



nd the seco 
The connection o 



can be ma 



de by using a 



bonding 



too 



17. Sp 



ec 



f the wire 
if icallY , 



25 a tip P° 
end po r 



: t i on o 



f the w 



_ r e vJ i s 



+- of a lower 
extended out of a 



t i on o 



the bonding 



too 



1 7 . Then 



por 



t i on i 



s melte 



d into a 



ball of molten. 



the tip 
Then , the 
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bonding tool 7 is moved downward, pressing the molten 
ball onto the upper surface of the semiconductor chip 
3 (first bonding). Thereafter, while pulling the 
wire W out of the lower end portion of the bonding 
tool 7, the bonding tool is moved to the location of 
the second cross bar 61b. Finally, the wire W is 
press-fitted to the second cross bar 61b (second 
bonding) . In order to perform the wire bonding 
appropriately, the lead frame 6 should preferably be 
heated by a heater (not illustrated) incorporated in 
a supporting table 8. Alternatively, the bonding 
tool 7 may be supplied with ultrasonic wave when 
performing the second bonding. 

Next, by using a predetermined molding apparatus , 
a protective package 4' is formed in a region P 
enclosed by phantom lines (Fig. 6) of the lead frame 
6. Each of the protective package 4' is formed as 
follows : 

First, as shown in Fig. 8, the semiconductor chip 
3 is housed in a cavity 90 formed by an upper mold 
member 9A and a lower mold member 9B. Next, under 
this particular state, a molten thermosetting resin 
(an epoxy resin for example) is injected into the 
cavity 90. Finally, after the injected resin has been 
set, the upper mold member 9a and the lower mold 
member 9B are moved upward and downward respectively, 
to take out the solid resin, i.e. the protective 
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v P 4> By this molding operat.cn, the light 
package 4 - »Y 

.•^ 44' is formed simultaneously, 
condensing portion 44 

v. n in FiQ 8, the upper mold member 9A has 
As shown 1 n big. ° ' 

i** Qnrfaces 9Aa whereas 
downwardly widening inner side surface 

the lower mold 9B has upwardly widenrng inner 

si de surfaces 9Ba. For this reason, when the resin 
se t in the cavity 90 is taken out, the solid body of 
re sih can be easily separated fro, the upper .old 
«,b« 9A and the lower mold member 9B. 

«- v H^ire B is constituted as 
If the semiconductor device a 

-a 1 iaht receiving 
the light emitting device or a light 

i ~ ^ a ' i <=> formed of a 
device, the protective package 4 

^ resin (for example an epoxy 
highly transparent resin u 

re .l„> Otherwise, the protective package 4' may not 
necessarily be formed of a highly transparent resin, 
or it is not necessary to provide the light condensing 
portion 44' depending on the application. 

Th e semiconductor device B can be constituted so 
as to selectively receive an infrared ray. In this 

r^r-kaae 4' may be of a 
case, the protective package 

• -> v, *- i <= nrpferably formed of a 
transparent material, but is prefers 

ordPr to effectively prevent the 
black resin m order to 

„f ravs other than the infrared ray. 
reception of rays otuei 

After the protective package 4- is formed, the 
5 frrst and the second cross bars 61a, 61b are cut at 
redetermined locations (indicated by dashed lines 
in Fig . 6, to obtain a finished semiconductor device 
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-, Hpvice B thus obtained 

B (Fig. 3) • The semiconductor device 

• *- c-,, ferrate 5 with another 
ma y be mounted on the circuit substrat 

£ inrthr reception, a photo 
semiconductor device for light P 

sensor can be manufactured. 

Hig . 9 shows a step o£ mounting the semiconductor 
device B according to the second embodiment of the 
present invention on the circuit substrate 5. (The 
oircuit substrate 5 shown in the figure has a light 
receiving semiconductor device B- already mounted.) 
As shown in this particular figure, the circuit 
substrate 5 is formed with a through hole SOe for 
fitting the semiconductor device B . The through hole 
50e is spaced from another through hole 50r for the 
light receiving semiconductor device B' by a 
15 predetermined distance. 

The circuit substrate 5 has a main surface 51 

. with £ou r connecting pads 52 near the 

provided witn luui. 

^ ^ co are to be connected 
through hole SOe. These pads 52 are 

11- 1?' of the first lead 
with the outer portions 11 - 12 

on ' 99' of the second lead 
1- , and the outer portions 21 , 22 ottn 

2' of the semiconductor device B. 

When the semiconductor device B is noted into the 
through hole SOe, a suction collet K as shown in Fig. 
9 may be used. In this case, a bottom surface 4!' 
,5 of the semiconductor device B is sucKed by the suction 
collet K , and then the collet K is moved toward the 

n t-, c r- 1- the semiconductor 
circuit substrate ^ uu x 
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device B into the through hole 50e. (See indication 
by dashed lines in Fig. 9.) 

After the semiconductor device B is appropriately 
fitted into the through hole 50e, the circuit 
5 substrate 5 mounted with the semiconductor device B 
(and the semiconductor device B') undergoes a heat 
treatment. Though not illustrated in the figure, 
each of the connecting pads 52 is applied with solder 
paste in advance. Therefore, by heat-treating the 

10 circuit substrate 5, the applied solder becomes 
molten, and by cooling the circuit substrate 5 
thereafter, the outer portions 11', 12', 21' 22' of 
the first lead 1' and the second lead 2' are fixed 
to respective connecting pads 52. 

15 After mounting the semiconductor devices B and B ' 

on the circuit substrate 5, as shown in fig. 10, a 
coating member 53 is applied on the main surface 51 
of the circuit substrate 5. As a result, the 
semiconductor devices B, B' are coated by the coating 

20 member 54. Through such a process as described above, 
a unit C including the semiconductor devices B, B' 
and the circuit substrate 5 is obtained. The coating 
member 54 is preferably provided by an electrically 
insulating and optically n o n t r a n s p a r e n t resin for 

25 example. By using the coating member 54 provided by 
such a resin material, light, electrical noise and 
so on from outside of the unit C can be shielded. 
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As shown in Fig. 10, the unit C can be used in a 
CD player for detecting presence of a disc D. 
Specifically, the unit C is disposed in the CD player, 
so that the light condensing portions 44' of the 
5 semiconductor devices B, B' face the inserted disc 
D. If the disc D is absent, light emitted from the 
semiconductor device B advances a path indicated by 
dashed lines in Fig. 10, and reaches the 
semiconductor device B'. (The member P disposed 

10 across the path is a prism.) On the other hand, if 
the disc D is inserted in the CD player, the path 
described above is blocked by the disc D , and the 
light emitted from the semiconductor device B is not 
received by the semiconductor device B' . 

15 The above described unit C utilizing the 

semiconductor devices B, B' according to the present 
invention, can be made more compactly than a unit 
utilizing prior art semiconductor devices and the 
substrate. (See Fig. 21.) Therefore, as shown in 

20 Fig. 10, the disc D can be placed closer to the second 
surface 51a of the circuit substrate 5 than in the 
prior art. As a result, it becomes possible to 
decrease a detecting space for the photo sensor 
incorporated in the CD player. 

25 Next, a semiconductor device according to a third 

embodiment of the present invention will be described 
with reference to Figs. 11-13. As will be understood 
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-* device according to 

n the semiconductor aevn 
from Fig • I 3 - cne . . 

-e * nhoto sensor in which a 
the third embodiment is a phot 

, ntnr element is packaged 
light emitting semiconductor 

• th a light receiving semiconductor 
together with a ny 



e 1 ement 
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111 \^ - - 

allv the illustrated semiconductor 

Specifically, trie 

d evice E , CP,^ a iight emitting — « 

chip 3. receiving ^ " 

e oacKage 4' covering these semiconductor 
a protective pacKage 

Further, the semiconductor device E has a 

. a ^i-nr chip 3, and further 
f ^ thp semiconductor cnip 
conducting to the sem 

ni flat first lead 1' and a second lead 
has a generally flat first 

i-n the semiconductor chip 3 ' . Eacn 
2' each conducting to the semi 

t- leads 1 1' and the second leads 2, 2' 
.f the first leads i, 

* .„t of the protective package 4' . 
partially extends out of the p 

The protective package 4' according to the third 
embodiment has an outlook generally the same as the 

, n Fig 3, differing however, in that no 
one shown in Fig- J . 

nrHon is provided, and that a 
light condensing portion P 

«- a rorner portion of the 
cutout 46< is formed at a corne 

protective package 4 ' . 

. /-> a ' has a first transparent 
The protective package 4 has a 

= i-ina the semiconductor 
resin portion 4'a incorporating 

^ -rpqin portion 4 D 
25 chip 3, a second transparent 

in corporating the giving 

Chip 3. andathrrd. non - t r an sp a r en t r e S i n p o r t r on 
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4'c holding the resin portions 4'a, 4'b. The first 
and the second resin portions 4'a, 4'b have 
respective upper surfaces and bottom surfaces not 
covered by the third resin portion 4'c and therefore 
5 exposed to outside. The first and the second resin 
portions 4'a, 4'b are formed of a transparent epoxy 
resin for example whereas the third resin portion 4'c 
is formed of a black resin for example. 

In a side view, the semiconductor chip 3 is placed 
10 generally at a vertically central location in the 
first resin portion 4'a, on an inner portion 10 of 
the first lead 1 whereas the semiconductor chip 3' 
is placed at a generally central location in the 
second resin portion 4'b, on an inner portion 10' of 
15 the other first lead 1'. The upper surfaces of the 
semiconductor chips 3, 3'are electrically connected 
with inner portions 20, 20' of the second leads 2, 
2' respectively via wires W. 

As shown in Fig. 13, the semiconductor chip 3 can 
20 be provided by an LED whereas the semiconductor chip 
3' can be provided by a ph o t o t r an s i s t o r . 
Alternatively to the p ho t o t r a n s i s t o r , a photo diode 

may be used. 

The semiconductor device E having the 

25 constitution described as above can be manufactured 

in the following steps to be described below. 
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Firs t, a lead .»« 6- as sho.n in Fig. 14 i. 

nnf a thin metal plate for 
prepared by punching out a 

e< includes a first and a 
example. The lead frame 6 includ 

second side bars 60-.. 60-b. extending in parallel 
to each other, and a plurality of cross bars 63- <Frg. 
14 shows only two cross bars). The cross bars 63- 
are spaced fro. Che adjacent one, by a predetermined 
interval T longitudinally of the lead side bars 60-.. 



6 0 ' b 

1 0 



• n hprweer a pair of mutually adjacent 
In a region betvieei. a pa 

cro ss bars 63-. a pair of lead portions 62-=. 62-d 
and another pair of lead portions 64-c, 64-d are 
d isposed. The lead portions «2-=. 64-c extend from 
the first side bar 60-a toward the second side bar 
l5 60 .b. ontheotherhand.theleadportions62-d.64-d 
extend from the second side bar 60-b toward the first 
side bar 60-a. The 1 e a d P o r t i on s 6 2 - c , 

ends formed with chip bonding portions 62-a, 64-a 
r espectively. Further, t he 1 e ad p o r t i o n s 6 2 - d , 64-d 
20 have free ends formed with wire bonding portions 
62'b, 64'b respectively. 

The lead frame 6- having the constituents 

,7it-h a light emitting 
described above is mounted with a iig 

7 an rt the light receiving 
semiconductor chip 3 and tne 

, . specifically, as shown in 

25 semiconductor chip 3 . bpeci 

Fig 15, the light emitting semiconductor chip 3 is 
b onded to the chip bonding portion 62'a whereas the 
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light receiving semiconductor chip 3 ' is bonded to 
the chip bonding portion 64 ' a . Thereafter, the upper 
surface of the semiconductor chip 3 and the wire 
bonding portion 62'b are electrically connected by 
5 the wire W whereas the upper surface of the 
semiconductor chip 3' and a wire bonding portion 64'b 
are electrically connected by a wire W'. 

Next, as shown in Fig. 16, the semiconductor chip 
3 and the wire W are molded and thereby covered by 

10 a transparent resin body 47a (hereinafter called the 
first resin body) , and the semiconductor chip 3' and 
the wire W' are molded and thereby covered by another 
transparent resin body 4'b (hereinafter called the 
second resin body) (The first molding step). 

15 Next, as shown in Fig. 17, the first and the second 

resin bodies 4'a, 47b are covered by a non- 
transparent resin body (hereinafter called the third 
resin body) (The second molding step) . In this step, 
the upper surfaces and the bottom surfaces of the 

20 first and the second resin bodies 4'a, 4'b are left 
exposed to outside. 

Finally, the four leadportions 62'c, 6 2 ' d , 64'c, 
64'd are cut at predetermined locations (indicated 
by dashed lines in Fig. 17) to obtain the 

25 semiconductor device E as shown in Fig. 11. The 
semiconductor device E can be placed into the circuit 
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. i = the semiconductor 

Neyc reference i. made to Fig 

h w a storage receptacle capable o£ 
These figures show a stor 

o plurality OL 
collectively storing a the 

Fi as 18 and 19 show the 
semiconductor devices. Fx,- 

semi conductor devices A according to 
Lodiment. However, the storage receptacle ca 

. b and the conductor device 
as th e conductor device B and 



E ' . , R the storage receptacle 

As shown in Fig. 18. the 

* a carrier .ember H having a plurality of 
inClU e i;i -a cover tape F- pasted to the carrier 
r c H i The recesses Hi 

5 member H to close the recesses HI. 

are formed at a predetermined longitudinal mt 

Th e cover tape F ... • — " 

ontact the carrier member H and can be peeled off 

contact tn 

v^-r w as necessary (See try 
rhe carrier member H as 

„. 18 each semiconductor devrce A 
20 As shown in Fxg. IB- 

4 - ^_d in a corresponding recess Hr, 

" """" surface 41 facing upward. In order ^ 
bottom surface * . 

„ at e the entire s em x c ondu c t o r devxce 
accommodate tne 

ooriat ely while avoiding interference with 

^ ortion4 4 . each recess HI includes 

„ lightco ndensing Portion ^ 

an upper space HI. Having a larg ^ 
and a lower space Hlb having a small 
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section. The light condensing portion 44 is housed 
in the lower space Hlb. The carrier member H having 
the constitution as described above may be formed by 
embossing an oblong member made of a plastic for 
5 examp 1 e . 

For automatically storing a plurality of the 
semiconductor devices A into the recesses Hi, a 
suction collet operated under a computer control may 
be used for example. After a predetermined number 
10 of the semiconductor devices A are placed 
appropriately, the cover tape R is pasted to the 
carrier member H to close each of the recesses. This 
operation can also be automated. 

Each of the semiconductor devices placed in the 
15 carrier member H and covered by the cover tape R can 
be taken out of the storage receptacle in the 
following steps. 

Specifically, referring to Fig. 19, first the 
cover tape R (See Fig. 18.) pasted to the carrier 
20 member H is gradually removed by appropriate means. 
During this operation, the carrier member H is moved 
in a direction indicated by Arrow I. On the other 
hand, the removed cover tape R is moved in a direction 
indicated by Arrow I' and wound by an un i 1 1 u s t r a t e d 
25 winding device. This gradually exposes the 

semiconductor devices A in the recesses HI of the 
carrier member H. The exposed semiconductor device 
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^i-inn collet K disposed at an 
A is sucked by a suction coixe 

appropriate location, and taken up. In such 

steps a S descried above, the semiconductor device. 

A are taken out o£ the reces.es H. one by one. 

According to the method described as above, the 

a stored in the storage 
semiconductor devices stored 

i i ,r t-^Vpn out. Further, 
receptacle can be automatically taken 

after taking out a necessary number o£ semiconductor 
devices A , if the remaining cover tape R is left 

v.^^ u then the remaining 
, A r 0 +-hp carrier member H , tnen 
10 attached to tne 

semiconductor devices A can be stored unexposed to 
the outside air. The carrier member shown in Figs. 
18 and 19 is an oblong member. However, the shape 
o£ the carrier member H is not limited to this. For 
15 example. the recesses HI for accommodating the 
s emiconductor devices may be provided in a two- 
dimensional layout in a plate-like container. 
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